Carbazole-triphenylamine-based dyes (MA and MA-B) are designed. These dyes were studied by DFT and TD-DFT methods using the B3LYP level with 6-31 G (d, p) on a group basis to verify their electronic structures, electronic optical properties and electronic absorption spectra as applied in Gaussian 09 program. For the case state (PDOS) of these dyes, the electron density of HOMO is present in the electron donation group and has also been extended to a conjugated bond. The electron density in LUMO is concentrated in a conjugated bond and in the pull of the electron clouds. The results showed that the best modified dye is MA-B based on the highest absorption in the visible spectrum of light. The calculated results of this dye show that this dye can be used as potential sensors for TiO 2 crystalline solar cells.
Introduction
Dye-sensitized solar cell (DSSC) is a photovoltaic device where light energy is converted directly into electrical energy [1] [2] [3] . There are three parts in DSSCs: photodiode, photodiode cathode, and electrolyte oxidation. Photoanode contains a light-sensitive material/pigment attached to largescale semiconductor nanoparticles, such as TiO2, coated on fluorine-coated tin oxide (FTO) glass. Over the past two decades different types of transformers such as metal-based transformers [1, [4] [5] [6] [7] .
At present, there is a continuing interest in the development of renewable energy resources, with solar energy in particular, as an alternative to fossil fuels [8] . Among the various solar cells that use organic matter, Dye Sensitive Solar Cells (DSSCs) have attracted considerable attention since it was reported. First reported by Grätzel and co-workers [1] . Until recently, standard-performance DSSCs were based on inorganic ruthenium converters (RUs) to achieve energy conversion efficiency of more than 10% [9] . By 13.0% based on zinc-porphyrin complexes by Grätzel group [5] . However, research over the past decade has helped narrow the performance gap between these Ru-polypyridyl compounds and mineral-free organic substances, resulting in a new generation of highly efficient organic dyes [10, 11] and Conversion efficiency exceeds 10% for metal-free Feeler DSSCs [12] .
The sensitizer, which plays an important role in the DSSC function, absorbs light and injects electrons into the TiO2 conduction strip from its exciting state. Sensitive converters based on ruthenium [13, 14] , zinc porphyrin [15, 16] , and organic dyes [17] have been detected and applied as an effective enhancer for DSSC. Despite the high efficiency of ruthenium and porphyrin sensitizer, environmental complications and complex synthesis procedures make it necessary to search for effective alternative transformers. At present, many efforts are being created to develop new, reliable, efficient and environmentally friendly sensitizer for realistic applications [13, 18, 19] .
The performance of DSSCs first depends on the HOMO-LUMO relative energy levels of the sensitizers. Therefore, effective electron injection requires that the LUMO level of the dye is higher in energy than the edge of the TiO2 conduction bar, whereas the HOMO for the dye level may be lower than the electrolyte energy level to allow for the effective regeneration of the oxidized dye. Electronic structures, such as FMO (EHOMO, ELUMO, and Eg= ELUMO -EHOMO) of dye molecules in DSSC are deeply related to electron transport by optical modulation. In the literature there have been many studies to designing and improvement the efficiency of organic dyes [20] .
In this study, two carbazole-triphenylamine based dyes (MA, MA-B) are designed where the same donor is paired with different acceptors. The geometric shapes, electronic structures and electronic absorption spectra of these dyes are studied using DFT and TD-DFT to find possible transformers for use in DSSCs.
Experimental Methods

Computational Methodology
The carbazole-triphenylamine (MA) dyes are calculated at the DFT/B3LYP functional level using the 6-31G (d, p) basis set for engineering optimization calculations. The LUMO-HOMO energy gap, light harvesting efficiency, oscillator strength, open circuit voltage, electronic absorption spectra by using TD-DFT/B3LYP/6-31 G (d,p) basis set.
Results and Discussion
Optimized Geometric Structures
The ground state structures of the dye were optimized before and after the thiophene ( Fig. 1) (B) addition with carbazole-triphenylamine using DFT with B3LYP/6-31G(d,p) basis set, as shown in Fig. 2 . 
Electronic and Photovoltaic Properties
In addition to the dye assembly, the electronic structure also greatly affects the photoelectric performance. In DSSCs, one of the most important features of a metal-free organic dye is the transfer of intra-molecular charge (ICT) from the electron donation portion to the electron acceptance portion. Fig. 3 shows the electronic structures of HOMO-5, HOMO-1 and LUMO for dyes, all of them have good electronically separated states. The HOMO, LUMO and Eg of dyes can be obtained through TD-DFT calculations. Fig. 3 shows the distribution of HOMO and LUMO.
In DSSCs, can be approximately predestined as the difference energy between LUMO of the dye and conduction band (CB) of the semiconductor TiO 2 ( = -4.0 eV) [20] ,
The open circuit voltage of the dyes with TiO 2 can be estimated in the order of MA (1.12 eV) ˂ MA-B (1.45 eV) ( Table 1) .
The light harvesting efficiency (LHE) of a sensitizer is widely used to evaluate the photocurrent response properties. LHE is defined by the following equation [21] ,
where (f) is the oscillator strength. The free energy change ΔGinject (eV) for the electron injection can be expressed by the following equations [22] , 
where ( . . , − ) is the ground state oxidation potential of the dye [23] and ∆ is the energy corresponding to the maximum absorption wavelength. Next, the density of state (DOS) was calculated which is very important for understanding and studying the electronic properties. DOS contains HOMO, LUMO, and gap energy for all structures (Fig. 4) . From Fig. 4 , it is observed that DOS for all molecules have the same picture and shape, and there are few differences in HOMO, LUMO, and band gap values. The band structures of these molecules have semiconductor behavior due to the energy gap values 3.37 eV and 3.45 eV respectively and the results are summarized in Table 1 .
MA
MA-B Fig. 4 The density of state of the MA and MA-B dye
The HOMOs for MA and MA-B are located at -6.25 and -6.00 eV. There are same electron donors (carbazole and triarylamine units) in the two dyes, so the difference of the HOMOs is small. The LUMOs for MA and MA-B are located at -2.88 and -2.55 eV, respectively. The difference of the LUMOs is due to their different electron acceptor (rhodanine-3-acetic acid). The energy gap before and after addition takes the values 3.37 and 3.45 eV, respectively. These energy values gap of the molecular system provides an indication of its possibility for their use in DSSCs. The results indicate that the energy gap becomes bigger for the dye MA-B after adding (B) because of decreasing LUMO and decreasing HOMO. Thus, dye MA character was improved by adding thiophene (B). From Fig.  3 , one can see the difference between original HOMO-5 and HOMO-1 after addition whereas the electron still transfers from LUMO dye to LUMO TiO2 semiconductor.
Molecular orbitals and their properties with the corresponding energy are very useful for the determination of best sensitizers for DSSCs. The highest occupied molecular orbit (HOMO) represents the ability to donate electrons; LUMO represents the acceptability of electrons. For effective electron injection and regeneration, the LUMO of the sensitizer must be above the edge of the conduction band of TiO2 (-4.0 eV) while the HOMO of the preparation must be below the energy level of the redox couple (-4.8 eV) [24] [25] [26] . Table 2 . UV-vis absorption spectra of MA and MA-B dyes were simulated at TD-DFT /6-31G(d,p) level within the range 200-1200 nm as shown in Fig. 6. Fig. 6 illustrate the increasing pattern absorption. The has shifted from 406 to 409 nm with O.S from 0.2448 to 0.188 a.u. 
Conclusion
In this study, the electronic structures and electronic properties of two new donor-π-acceptor dyes (MA and MA-B) were investigated by simulating with DFT/TD-DFT. The LUMO-HOMO energy gaps for the dye MA are smaller than the dye MA-B. The calculated LHE value for the dye MA is 0.430 while dye MA-B has 0.351. The results show that there is a total energy increase after the addition thiophenyl with MA. Adding of thiophenyl compound can improve LUMO and HOMO level that reduce the electronic band gaps to 3.37 and 3.45 eV respectively. We suggested that these dyes can be good candidates for DSSCs applications. Our results of this theoretical findings will help to design and developme more efficient D-π-A dyes for the DSSCs applications.
